. Calculation of the vibrational linewidth and line shape of Raman spectra using the relaxation function : II. application to the mixture neon-nitrogen with inhomogeneous broadening due to concentration fluctuations.
INTRODUCTION
Although the vibration frequency of a molecule originates mainly from the intramolecular forces, in a dense system the contribution of the intermolecular forces is important too. The influence of these forces is also evident in the linewidth and the shape of the spectrum, which reflects the variations in the local environment of the molecule in space and time. The experimental linewidth is, in general, different from the amplitude of modulation due to the dynamics of the system. Thus, both the fluctuations in space and time are relevant. In a pure system density fluctuations far from the critical point have a small wavelength and a high frequency, resulting in motional narrowing of the spectral line. In mixtures, concentration fluctuations may also play a role. Recently, Muller, vanden Bout, and Berg 1 have shown that in mixtures far from the critical point, the lifetime of concentration fluctuations is rather long, namely 4-7 ps. This can lead to inhomogeneous broadening of the spectral line. Gallego, Somoza, and Blanco 2 have determined the concentration fluctuations in mixtures of hard spheres. For hard spheres of equal size the maximum in fluctuations occurs for equimolar systems while for systems with different diameters the maximum shifts to lower concentrations of the smaller component. On the other hand, Moser, Asenbaum, and Döge 3 have measured the vibrational linewidth of the C-H vibration of CH 2 I 2 diluted with liquid CCl 4 as a function of composition. They found a maximum in width for 60% CCl 4 , the component with the smaller diameter. The reason for this discrepancy is not clear. The linewidth at the maximum is almost twice that of pure CH 2 I 2 .
In a later paper 4 these authors extended the model proposed by Knapp and Fisher 5 for calculating the line shape. They considered two-particle exchange processes in the nearest-neighbor shell of the reference molecule and finite interaction times between the molecules. The calculated band shapes in pure liquids deviate from Lorentzian profiles, in contrast with the results of Knapp and Fisher, but in agreement with experimental data obtained for CH 2 I 2 .
In earlier papers 6, 7 it was shown that the linewidth of Lorentzian profiles can be obtained from computer simulations using the Kubo 8 expression for the fast modulation regime. In paper I both the line shape and linewidth of non-Lorentzian profiles ͑the intermediate Kubo regime͒ have been determined by computer simulations using the relaxation function. This method is particularly suitable for mixtures where inhomogeneous line broadening is important. Computer simulations of the relaxation function of liquid N 2 and CH 3 I have been performed recently by Gayathri and Bagchi 9 in order to investigate the subquadratic quantum number dependence of vibrational overtone dephasing. They found that the nonquadratic dependence can be expected when the decay of the frequency autocorrelation function is largely Gaussian and the time scale of this decay is comparable to that of the autocorrelation function of the normal coordinate. In our work we are primarily interested in the calculation of the Raman linewidth and line shape, which requires Fourier analyses of the relaxation function. Gayathri and Bagchi ͑GB͒ did not take into account the dispersion correction but in many cases this gives a considerable con-tribution to the linewidth ͑and thus to the dephasing time͒. 6 It might be expected that in mixtures the contribution is even more important. Vibration-rotation ͑VR͒ coupling is also important, in particular at higher temperatures. GB neglected the cross correlation between the VR term and the other contributions. However, these cross terms have a larger value and are of opposite sign compared to that of the autocorrelation. 10, 11 This also explains the discrepancy between the results of Oxtoby and co-workers 10 and of GB with respect to the VR term. In order to predict quantitatively the vibrational line shape one needs to know the potential surface very accurately. 10 Therefore, we have used a more realistic potential than the Lennard-Jones model, namely the van der Waals part of the Etters potential. 12 To speed up the calculations we have omitted the quadrupole interaction. Moreover, it provides an opportunity to study the underlying mechanisms in more detail since the various contributions to the frequency autocorrelation function are obtained separately. Possibly, the discrepancy with respect to the maximum in concentration fluctuations between the hard sphere results and those of Moser, Asenbaum, and Döge 3 can be explained.
The advantages of nitrogen as a model system have been elucidated previously. 13 As the second component we have chosen neon for the following reasons. The molecule is spherical, nonpolar, and has a simple interaction with nitrogen. Thus, the simulations are similar to those for pure nitrogen and the results are not complicated by extra rotational degrees of freedom or polar effects. The vibration frequency of nitrogen diluted with neon shows a large shift compared to that of pure nitrogen, which is a necessary condition to obtain an appreciable inhomogeneous line broadening. Since inhomogeneous line broadening also occurs due to critical density and/or concentration fluctuations, 13 and since the critical region extends far from the critical line, the system should be far from critical conditions as well. The critical line of neon-nitrogen moves from the critical point of nitrogen ͑122 K͒ toward lower temperatures and disappears under the crystallization surface of nitrogen at 70 K and 0.02 GPa. 14 Thus, at room temperature and high pressure, this system is far from any critical state.
To make a comparison with experiment, we have performed measurements on three mixtures, one of the mixtures having a neon mole fraction of 0.65. If the diameters of the molecules are far from equal, the mole fraction is not a good measure of the composition for the description of the effects under consideration. In the case of CH 2 I 2 -CCl 4 the microscopic composition turns out to be a good alternative. 3, 4 A similar parameter is the volume fraction, often used to describe critical phenomena. In the case of neon-nitrogen the volume fractions are equal for 65% neon. Therefore, the maximum in linewidth is to be expected at this composition.
EXPERIMENTAL METHOD AND RESULTS
The experimental procedure can be found in Ref. 15 . Three mixtures were prepared with neon mole fractions, x M , of 0.10, 0.65, and 0.95. The Raman spectra of nitrogen in the fluid neon-nitrogen mixtures have been measured at constant temperature as a function of pressure up to the solidi-fication point. The mixtures with x M ϭ0.95 and 0.65 were investigated at 296 and 408 K, and the mixture with x M ϭ0.10 at 296 K.
The experimental spectra have to be deconvoluted with the experimentally determined instrumental resolution function. The resolution function has a Voigt profile with a full width at half-maximum ͑FWHM͒ of 0.74 cm Ϫ1 . It turns out that most of the spectra can be fitted better by the convolution of the instrumental function with a Lorentzian curve than with a Gaussian curve, using the least-squares criterion. Therefore, we convoluted several Lorentzians with the resolution function and compared the result with the experimental spectrum. The Lorentzian which provides the best agreement with experiment is used to determine the FWHM.
The peak position of the vibrational spectra, , as a function of pressure have been plotted in Fig. 1 . The Raman frequencies increase monotonically as a function of pressure. At higher pressure, the slope is slightly decreasing. It is shown that the frequency is strongly composition dependent, and increases as a function of x M . Within experimental accuracy the vibrational spectra at 296 and 408 K have the same frequency for the mixtures with x M ϭ0.95 and 0.65.
In Fig. 2 the Raman frequency as a function of the mole fraction, x M ͑closed symbols͒, and the volume fraction, x V ͑open symbols͒, at 296 K has been plotted. In the next section it will be described how the mole fractions are converted to volume fractions. It is shown that the frequency is linear dependent on the volume fraction within experimental accuracy.
The FWHM of the deconvoluted spectra have been plotted in Fig. 3 . It can be seen that the FWHM is strongly composition dependent, and that the largest value for the width occurs for x M ϭ0.65 for all pressures and temperatures. The linewidth increases strongly as a function of pressure. It is interesting to note that the width of x M ϭ0.10 as a function of pressure shows a steeper increase than that of x M ϭ0.95, and above 2.7 GPa the width of x M ϭ0.10 is larger than that of x M ϭ0.95. Note that the mixture with x M ϭ0.10 solidifies at 4.4 GPa. Finally, it is shown that the width at 296 K is larger than that at 408 K. For the sake of clarity, the linewidth of pure nitrogen is not plotted in Fig. 3 , but this width is slightly smaller than that of x M ϭ0.10.
MOLECULAR DYNAMICS SIMULATIONS AND RESULTS
The procedure which has been used for the calculations is described in paper I. The dynamical simulations of fluid mixtures of neon and nitrogen have been performed on a model system with a total number of 256 particles. In order to cover the whole composition range, also two simulations on pure nitrogen have been made; the latter with 384 particles. For the mutual nitrogen interaction, the same model potential has been adopted as described in part I. For the mutual interaction of neon, and the interaction between neon and the atom sites of nitrogen, exponential-6 potentials have been adopted:
in which ⑀ represents the well depth of the potential, ␣ the stiffness of the repulsive part at short distances, and r m the diameter at the minimum of the well. The following parameter values have been applied: The last quoted parameters are not applied for the dynamics, but only used for the calculation of the Ne-N atom interaction using the Lorentz-Berthelot rule. During the simulations, four terms ͑and their cross correlations͒ that contribute to a change of the frequency with respect to a nonrotating molecule were registered:
͑a͒ The external force acting along the molecular axis ͑E1͒. ͑b͒ The derivative of the external force along the axis, contributing to the harmonic force of the vibrator ͑E2͒. ͑c͒ The vibration-rotation coupling ͑VR͒. ͑d͒ The dispersion correction, which corrects for the change in polarizability at excitation of the vibrator ͑DC͒.
The resonant-transfer term was not taken into account since its contribution is already small for liquid nitrogen, 9 thus certainly at high temperatures and in mixtures. The calculations are performed on systems with pressures from 2.4 to 4.35 GPa, and at 296 and 408 K. Note that at 296 K and 2.4 GPa, and at 408 K and 4.35 GPa, nitrogen is near the melting line. In order to determine the volume fraction of neon as a function of the mole fraction eight relative short simulation runs have been done at 296 K and 2.4 GPa as a function of mole fraction. For each run the density has been determined, and is compared to the densities of the pure systems. From these parameters the volume fraction can be calculated. Next, the volume fractions have been plotted as a function of mole fraction, and a polynomial function of the fourth order is fitted through these points.
In order to determine the dispersion correction ͑DC͒ for nitrogen in neon, a series of eleven relative short runs have been made for one nitrogen particle in a box of 255 neon particles. From these runs the frequency shift without DC was obtained as a function of pressure at 296 K. As mentioned in the previous section, a linear behavior is seen for the Raman shift as a function of the volume fraction in the mixtures. For comparison between the simulations and experimental data, the values of the shift, measured at 296 K with volume fractions of 0.48 and 0.90 have been extrapolated linearly to 100% neon. The results can be given in a functional form: 
͑2͒
with in cm Ϫ1 , and p in GPa, valid for 0.25 GPaϽp Ͻ5.0 GPa. Both the extrapolation and the molecular dynamics ͑MD͒ results are given in Fig. 4 .
As has been done in previous studies, 6, 7 the DC is introduced as an addition of a Lennard-Jones 12-6 potential to the site-site interaction between a neon and a nitrogen atom.
Appropriate parameter values turned out to be: ⑀/k B ϭ0.11 K; ϭ3.29 Å. The results for the shift including this DC are also given in Fig. 4 .
The dispersion correction for each of the four site-site interactions between nitrogen molecules has been determined in previous work; a suitable set of parameters has been found to be ⑀/k B ϭ0.32 K; ϭ2.96 Å. Thus, the DC for the neon-nitrogen interaction is considerably less than for the nitrogen-nitrogen interaction, reflecting the relative low polarizability of neon.
The results of the simulations have been presented in Table I . In order to maintain the statistical accuracy, the number of time steps in a simulation run, N, is increased at decreasing nitrogen concentrations. In the first columns the static parameters are plotted. At these temperatures and pressures the mixtures are in the homogeneous fluid phase. In the next columns the parameters which can be derived directly from the MD simulations have been presented. The amplitude of modulation, ⌬, is plotted in Fig. 5͑a͒ . It increases slightly as a function of x M . The difference in ⌬ for pure nitrogen, and for infinite dilution, is only 6%. The value of ⌬ increases by about 23% when the pressure is increased from 2.4 to 4.35 GPa, and it increases by about 20% when the temperature is increased from 296 to 408 K. The correlation time, c , is plotted in Fig. 5͑b͒ . It is strongly composition dependent, and has a maximum value for concentrations in the range 50-75 mol % neon. At 2.4 GPa and 296 K its value decreases by more than a factor of 3 from 75 mol % neon to infinite dilution. The correlation time increases by 24%-42% when the pressure is increased from 2.4 to 4.35 GPa, and it decreases by 39%-54% when the temperature is increased from 296 to 408 K.
According to the Kubo theory 8 the FWHM of the spectral line is given by 2⌬ 2 c in the fast modulation regime, which is defined by the condition that ⌬ c Ӷ1. Therefore, the values of 2⌬ 2 c and the Kubo parameter are also given in Table I . It is shown that the Kubo parameter, defined by ⌬ c , is composition dependent, and has a maximum value at 50-75 mol %. The value of ⌬ c decreases as a function of temperature, and increases as a function of pressure in the temperature and pressure range investigated in this work.
Since the value of ⌬ c is larger in the mixture than in pure nitrogen, it is questionable whether the mixtures are in the fast modulation regime.
The results of the calculated spectra obtained by Fourier transformation of the relaxation function are plotted in the next columns. As described in paper I, the relaxation function has been fitted by an exponential function in the range t n ϽtϽt m , and this function has been used for extrapolation for tϾt m . The parameters t n and t m have been given in Table I as well. It has been verified that the exponential decay sets in for tϽt n and that the results are not sensitive to the choice of these parameters. The peak positions of the calculated spectra show good correspondence with ͗͘. The deviation is less than 0.04. The FWHM of the calculated spectra are plotted in Figs. 6͑a͒ and 6͑b͒ ͑closed symbols͒ as a function of mole and volume fraction, respectively. The solid and dashed curves are given as a guide to the eyes. The width at 408 K is smaller than that at 296 K. The maximum in the width occurs for x M Ϸ0.65, and x V Ϸ0. 5 .
The values of the FWHM of the calculated spectra have been compared with those obtained using the assumption that the systems are in the fast modulation regime ͑open symbols͒ (⌬ c Ӷ1), where the FWHM is equal to 2⌬ 2 c . 8 For x M ϭ0.97, and pure nitrogen, the values obtained for the FWHM using these two methods are the same within the accuracy of the calculations. For the other compositions the linewidths of the calculated spectra are considerably smaller than the values obtained using the assumption that the system is in the fast modulation regime. Due to the uncertainty in c , the scatter in the values 2⌬ 2 c is much more than in the width of the calculated spectra.
In Fig. 1 it can be seen that the simulation results of the vibrational peak positions are in good agreement with the experimental data. In Fig. 3 the widths of the calculated spectra with x M ϭ0.13, 0.66, and 0.94 have been compared with the experimental results. There is a good qualitative and reasonable quantitative correspondence between the experimental data and the simulation results. In conformity with experiment the width at 296 K is larger than at 408 K. The calculated slopes of the spectral width versus the pressure are also similar to experimental findings. In addition, again in accordance with experiments, the spectral linewidth of x M ϭ0.66 is much larger than that of x M ϭ0.13 and 0.94. The calculated linewidths are slightly overestimated compared to experiment, but this is also the case for pure nitrogen. Since the values of 2⌬ 2 c are larger than the FWHM of the calculated spectra, especially in the intermediate concentration range, it is obvious that the widths of the calculated spectra are in better agreement with experiment than the values 2⌬ 2 c .
Three typical relaxation functions for mixtures with x M ϭ0.97, 0.66, and pure nitrogen at 296 K have been plotted on a logarithmic scale in Fig. 7͑a͒ . The slowest decay of the relaxation function occurs for x M ϭ0.97, and the fastest decay for x M ϭ0.66. For small t the relaxation functions of the system with x M ϭ0.66 clearly decays nonexponentially. The exponential decay of the relaxation sets in for tϽ0.2 ps, at 7 ps, and at 2 ps for pure nitrogen, x M ϭ0.66, and x M ϭ0.972, respectively. Three typical calculated spectra are given in Figs. 7͑b͒ and 7͑c͒ . The points represent the calculated spectra, the solid line represents a Lorentzian fit. The line shape of the calculated spectrum of pure nitrogen can be fitted very well with a Lorentzian curve. The calculated line shape for x M ϭ0.66 deviates from the Lorentzian fit, in agreement with expectations, since the relaxation function of this mixture decays nonexponentially for small values of t. The spectrum for x M ϭ0.97 can be fitted well with a Lorentzian curve, although the spectrum is slightly asymmetric.
In Table I the ratio of the values of 2 for a Gaussian and Lorentzian fit have been given. For all systems investigated in this work this ratio is larger than unity, indicating that the calculated spectra can be fitted better with a Lorentzian than a Gaussian curve. Since the ratio decreases a few orders of magnitude in the composition range 50-75 mol % neon, it is concluded that in this range the shape of the calculated spectrum deviates most from a Lorentzian line shape, and that the line shape gets a Gaussian component. The calculated spectra of all the systems investigated in this work can be fitted very well with Voigt functions. In Table II the frequency correlation times of the various mechanisms for pure N 2 and for x M ϭ0.66 are compared. In most cases the changes are not essential, except for c of the dispersion correction. In this case c has increased by a factor 20. Also given are the relative values for the amplitude of modulation. These values do not differ much.
As described in paper I, for tϾt m the relaxation function has been extrapolated using an exponential fit. In the fast modulation regime (⌬ c Ӷ1) the linewidth can be calculated from these exponents, according to
where T 2 Ϫ1 is the exponent of the exponential fit of the relaxation function, and c the speed of light. For pure nitrogen, the values of the FWHM calculated according to Eq. ͑3͒ give consistent results with the FWHM of the calculated spectra. For the neon-nitrogen mixtures this is no longer valid. The deviation gets large for the systems with a large value of the Kubo parameter. For example, for the 38% mixture at 296 K and 2.4 GPa, the FWHM of the calculated spectrum is equal to 1.70 cm Ϫ1 , but the value of (T 2 c) Ϫ1 is equal to 3.08 cm Ϫ1 .
DISCUSSION AND CONCLUSION
It is shown that the Raman frequency of nitrogen increases as a function of x M . Four contributions to the frequency shift can be distinguished in the MD simulations, namely the external force acting along the molecular axis, the derivative of the external force along the axis, the vibration-rotation ͑VR͒ coupling, and the dispersion correction ͑DC͒. The first contributions are positive, the VR coupling is always negative, and the DC is negative for the systems discussed in this work. The contribution of the VR coupling does not depend on the composition. The simulations show that the first two contributions are hardly sensitive to the composition. Therefore, the change in Raman frequency is mainly caused by the change in the DC. The contribution of the dispersive term of nitrogen in neon is considerably smaller than that of nitrogen in pure nitrogen, but larger than that of nitrogen in helium. 16 The DC corrects for the difference in the intermolecular potential of an excited and a nonexcited molecule. 6 For example, it is known that the polarizability increases at excitation. This explains the fact that this contribution is the largest for pure nitrogen, and the lowest for nitrogen in helium, since the polarizability of nitrogen is larger, and the polarizability of helium is smaller than that of neon. Analogous to the system heliumnitrogen, in neon-nitrogen the Raman frequency is linear dependent on the volume fraction, but not on the mole fraction. This indicates that, for this system, the volume fraction is indeed a more suitable order parameter than the mole fraction.
Since direct information is not available, the DC of nitrogen in neon has been determined using the Raman frequency of nitrogen infinitely diluted in neon at 296 K. The DC for pure N 2 at 296 K has been determined previously. However, the calculated peak positions for all other compositions are in good agreement with experiment, also at 408 K.
Experimentally, a large increase of the Raman linewidth is observed for x M ϭ0.65, compared to x M ϭ0.10, 0.95, and pure nitrogen. For example, the spectral width of x M ϭ0.65 is almost twice as large as that of x M ϭ0.95.
The linewidth, obtained by the Fourier transform of the relaxation function, is in good qualitative, and reasonable quantitative agreement with experiment. The pressure, temperature, and concentration dependence are the same as observed experimentally. It is interesting to note that the calculated FWHM shows a sharp increase as a function of pressure for x M ϭ0.13, in conformity with experiment. The calculated linewidth is slightly larger than the experimental width, but since this is also the case for pure nitrogen, the deviation is systematic and does not essentially affect the composition dependence. The maximum in the calculated linewidth occurs at x M Ϸ0.65, and x v Ϸ0.5. This confirms that the volume fraction is a more suitable order parameter than the mole fraction for the description of concentration fluctuations.
For pure nitrogen, and nitrogen infinitely diluted in neon, the calculated line is in agreement with the Kubo predictions for the fast modulation regime (⌬ c Ӷ1): 8 a Lorentzian shape, with a FWHM equal to 2⌬ 2 c . In the intermediate concentration range inhomogeneous broadening has been found: The shape starts to deviate from a Lorentzian shape, and gets a Gaussian component. The linewidth is no longer determined by the relation 2⌬ 2 c . In addition, the relaxation functions of the mixtures clearly show a nonexponential decay for small t ͓Fig. 7͑a͔͒. Therefore, when employing Eq. ͑3͒, which is only valid for the fast modulation regime, too large values for the linewidth are obtained. As already concluded in paper I, the Kubo parameter is not an unambiguous criterion for the fast modulation regime. For example, in Table I it is shown that the calculated line shape of pure nitrogen at 4.35 GPa and 408 K, with a Kubo parameter of 0.12, still has a Lorentzian line shape with a FWHM equal to 2⌬ 2 c , while the calculated line shape of 66 mol % neon at 2.4 GPa and 408 K, with a Kubo parameter of 0.10 deviates from a Lorentzian shape and the width is no longer determined by 2⌬ 2 c .
The dephasing time, calculated from the relaxation function, is 8.7 ps for pure N 2 and 6.74 ps for x M ϭ0.66; the values for c are 0.0736 and 0.1337 ps, respectively. Gayathri and Bagchi 9 attribute the deviation from the Kubo theory ͑the subquadratic n dependence of the linewidth of the overtones͒ to the fact that in CH 3 I the time scales of the frequency correlation ( c ) and of the dephasing (T 2 ) are not widely separated as in N 2 . Indeed for N 2 the ratio T 2 / c is about 23 times larger than for CH 3 I. However, for N 2 at 296 K and 2.4 GPa the ratio is only 1.8 times that of the mixture with x M ϭ0.66 at the same pressure and temperature but still there is a considerable deviation from the Kubo theory in the case of the mixture and not in N 2 . Also the other conditions mentioned in Ref. 9 ͑such as low frequency͒ are not fulfilled and, in any case, the values are the same in pure nitrogen and in the mixtures. Clearly the problem is rather complicated and there does not exist a simple rule. We suggest that in the case of the mixtures the deviation from Kubo theory is due to the fact that the c of the DC, having a non-Gaussion time dependence, is comparable to the c of the first-order term ͑E1-E1 in Table II͒ which has a Gaussian time dependence.
In Ref. 1 it is stated that both density and concentration fluctuations originate in long-ranged attractive forces, and that therefore both types of fluctuations should have the same correlation time. It is also stated that the change in the amplitude of modulation is responsible for the inhomogeneous line broadening. The MD simulations enable us to study the underlying mechanisms of the concentration fluctuations. It is shown that, for Ne-N 2 mixtures, the increase of the linewidth in the intermediate concentration range is caused by an increase of the correlation time, c , rather than an increase of the amplitude of modulation, ⌬ ͑Fig. 5͒. The correlation time of the concentration fluctuations is much longer than that of the density fluctuations, since the total correlation time increases more than a factor of 3 in the mixture. As mentioned before, the external axial forces on the molecule and the derivative of this force are hardly sensitive to the composition. Therefore, the increase in linewidth for the intermediate compositions is caused by the increase of the correlation time of the self-and cross correlations of the DC. In Fig. 8͑a͒ the contributions to the frequency autocorrelation function for a MD simulation with x M ϭ0.66 at 296 K and 2.4 GPa have been plotted. It is shown that the correlation functions without the contribution of the dispersion correction decay fast. In contrast, the self-and cross-correlation functions of the dispersion correction show a long tail. Both density and concentration fluctuations are dictated by diffusion mechanisms, however, the character of these mechanisms is clearly different. For concentration fluctuations an exchange of particles should occur, while for density fluctuations small translational motions are sufficient.
In Fig. 8͑b͒ the initial decay of the frequency autocorrelation functions of nitrogen and of the mixture with 65% neon are compared. It is shown that the composition has only a small influence on the initial decay of the correlation function. The main difference is the very long tail in the mixture, due to the dispersion correction ͓Fig. 8͑a͔͒, which is not present in pure nitrogen. 11 It should be noted that it is difficult to decide whether the initial part is Gaussian or not. The total correlation function is the sum of at least ten contributions ͑including cross terms͒. The shape of these individual contributions is very different, e.g., the cross correlations with the vibration-rotation are always negative. 11 This is already the case in the fast modulation regime.
The fact that the concentration dependence of the dispersive energy is the main contribution to line broadening due to concentration fluctuations might explain the apparent discrepancy between the simulations of Gallego, Sumoza, and Blanco 2 and the experimentally observed line broadening in Ref. 3 and in this work. The simulations on hard sphere systems show a slight shift of the maximum in concentration fluctuations to smaller concentrations of the smaller molecule. Only for large differences in molecular diameters does a considerable shift occur. For example, for hard sphere systems with a diameter ratio equal to that of neon-nitrogen, namely 0.74, the shift to lower concentrations would be hardly detectable. Thus, if there is any effect due to the repulsive forces, this effect will be quite small. It was already suggested by Schweizer and Chandler 17 that attractive forces play an important role in inhomogeneous line broadening. Therefore, the hard sphere system is not an appropriate model for real systems, where the dispersion correction results in a shift of the maximum in linewidth to larger concentrations of the smaller molecule.
For neon-nitrogen mixtures, with x M ϭ0.65 and 0.95, it is shown experimentally that the width decreases as a function of temperature. Previous theories predict an increase or at least a constant value of the FWHM as a function of T, except when the critical point is approached. 18, 19 The present simulations provide us with more detailed information about the different contributions to the width. The linewidth will increase when the amplitude of modulation, ⌬, or the correlation time, c , increases. In Fig. 5 it is shown that ⌬ increases, and c decreases as a function of temperature in the whole concentration range. In the intermediate concentration range c is much larger. Therefore, the decrease of c as a function of temperature has a larger effect on the linewidth at intermediate concentrations than for pure nitrogen and the diluted system. This results in a relatively large decrease of the width as a function of temperature in the intermediate concentration range ͑Fig. 6͒.
